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In preceding papers (1,  2)  it has been reported that Type I  anti- 
pneumococcus horse  serum,  in  amounts exceeding a  characteristic 
optimum, fails to protect mice against infection with the homologous 
type pneumococci.  This effect was shown to be associated with a 
marked inhibition of the phagocytic mechanism in the earlier stages of 
the  infectious process.  Antipneumococcus rabbit  serum in  similar 
quantities does not produce this prozone phenomenon. 
The available evidence (2) suggested that the prozoning action of 
immune horse serum is due primarily to some characteristic property 
of the  specific antibody and  secondarily to  an  heterologous compo- 
nent of the serum, ineffective in itself but acting through the mediation 
of the antigen-antibody combination.  There was a strong suggestion 
that this secondary factor was lipid in character. 
The present report deals with the effect of isolated and purified lipids 
on the protective action of antipneumococcus serum. 
EXPERrMEIWTAL 
The various  technical  procedures used  in  the  protection  tests  and  in 
the analysis of its mechanism have been detailed in previous papers 
(1-3).  Type I  antipneumococcus horse  and rabbit  sera  have pos- 
sessed equivalent antibody content. 
Lecithin and cephalin were prepared by methods outlined in detail elsewhere 
(4).  Chemical analyses have shown  that  these phosphatides possessed a  high 
degree of purity.  The cholesterol used was a  commercial preparation of ortho- 
cholesterin (Schuchardt).  Cholesterol  oleate was obtained through the courtesy 
of Dr. I. H. Page.  Solutions of these reagents were prepared by slightly different 
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methods, but the general procedure involved the preparation of saturated alco- 
holic solutions  except in the case of cephalin  where ether was employed as the 
solvent.  Suspensions or solutions of the required strengths were made from these 
solutions by dilution in physiological saline.  Cephalin solutions prepared in this 
fashion are water dear.  With the other lipids,  opalescent colloidal suspensions 
are obtained. 
The amounts of lipid employed varied from 0.I to 0.4 mg. per mouse (17 to 
23 gm.).  In each case this amount of lipid formed a part of a 1.0 cc. inoculum. 
These amounts are well within what might be called a physiological range.  Aver- 
age figures for the lipid content of serum may be listed as follows: 
Total lipid ..................................  2.0-15.0 nag. per cc. of serum 
Free cholesterol  .........................  0.2-  1.3  "  "  "  "  " 
Cholesterol  esters  ........................  0.5- 5.0  "  "  "  "  " 
Phosphatides ...........................  0.3-  3.5  .......... 
The Effect of Added Lipids on the Protective Action of Antipneumococcus 
Horse and Rabbit Sera 
Various  amounts of purified lipids were added  to  combinations of 
specific immune sera and Type I  pneumococci,  The summarized re- 
sults of these experiments are shown in Table I  in terms of percentage 
survival.  Since within this range the amount of each lipid used gave 
results which differed but little  (with one exception), only the com- 
bined survival rates will be considered in this analysis. 
With antipneumococcus horse serum lecithin produced no significant 
change in the expected survival rate.  The addition of either cephalin, 
cholesterol, or cholesterol oleate, on the other hand,  tended to block 
the protective action of the immune serum.  In experiments not sum- 
marized in the protocol, it was found that crude commercial lecithin 
(Merck)  also inhibited protection. 
With  antipneumococcus  rabbit  serum  no  important  alteration  in 
survival rate was obtained by the addition of any of these lipids.  The 
lowest rate was with cephalin but the difference as against the controls 
is scarcely significant. 
These results may be better understood in the light of certain find- 
ings  with  reference to  the lipid  content of immune  aggregates  (5). 
Thus it has been found that the lipid adsorbed upon the immune pre- 
cipitate formed on the interaction of antipneumococcus horse serum 
and capsular polysaccharide consists of cholesterol, cholesterol esters, 
and  cephalin.  That  adsorbed  upon  immune  rabbit  serum  precipi- KENNETH  GOODNER  AND  FRANK  L.  HORSFALL,  JR.  379 
tates contains similar amounts of the cholesterols, but the phosphatide 
is lecitlzin.  In a  sense, then, one may say that the reaction of the 
capsular polysaccharide with the horse antibody fixes cephalin, while 
that with the rabbit  antibody fixes lecithin.  This occurs not only 
under  ordinary  conditions,  but  also  upon  the  addition  of purified 
lipids to the reactive mixtures.  Moreover, as has been pointed out 
by other workers, lecithin and cholesterol are antagonistic in an im- 
munological  sense  (literature  on  lipid  antagonisms  reviewed  by 
TABLE  I 
E.ffect of Added Lipids on the Protective Action of Type I  Antipneumococcus Sera 
Antipneumococcus 
horse serum 
Antipneumococcus 
rabbit serum 
Added lipid 
None 
Lecithin 
Cephal/n 
Cholesterol 
Cholesterol oleate 
None 
Lecithin 
Cephalin 
Cholesterol 
Cholesterol oleate 
No lipid 
added 
96 
Amount of added lipid 
).4rag.  0.2n~.  Llmg. 
69  80  87 
13  13  33 
30  21  44 
0  38  88 
94  89  89 
100  100  100 
Mean 
survival rate 
irrespective 
of amount of 
lipid added 
71 
78 
20 
35 
49 
96 
93 
8S 
91 
100 
Figures indicate survival rates.  Average of fifteen mice for each combination 
of lipid and immune serum.  Each mouse received 0.1 cc. Type I pneumococcus 
broth culture, 0.05 cc. immune serum, and indicated amount of lipid. 
Degkwitz (6)).  In the light of these observations, and assuming that 
both cephalin and cholesterol tend to block protection, it is possible 
that the lipids adsorbed in the case of rabbit reactions are not inhibi- 
tory because the lecithin tends to offset the action of the cholesterol. 
The addition of cephalin is without effect because it is not fixed.  In 
the case of antipneumococcus horse serum all of the adsorbed lipids are 
inhibitory to protection, hence the addition of either cephalin or cho- 
lesterol tends to reduce the protective action. 
In addition to the foregoing experiments others were undertaken in 
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with antipneumococcus horse serum.  The results of one such experi- 
ment are shown in Table II. 
It will be noted that while the addition of lecithin did not alter the 
general survival rate both cephalin and cholesterol tended to block the 
protective action of the  immune  serum.  On  the  other hand,  when 
cholesterol and lecithin were added together the blocking action of the 
added cholesterol was eliminated.  No significant degree of protection 
was obtained in either combination in which cephalin was present. 
These  results  indicate  that  with  combinations  of  lipids,  lecithin 
offsets the  effect of the  added  cholesterol.  Since it  is known  that 
lecithin is not fixed by the union of capsular polysaccharide and the 
TABLE  II 
The Effect of Combinations of Lipids on the Protective Action of Type I A ntipneumo- 
coccus Horse Serum 
Controls without  lipid .................... 
Lecithin added ........................ 
Cephalin added ....................... 
Cholesterol added ..................... 
Lecithin and cephalin added .............. 
Lecithin and cholesterol added ............ 
Cholesterol and cephalin added ............ 
No, of mice  No. surviving  Survival rate 
50 
10 
10 
8 
8 
8 
8 
36 
8 
2 
2 
1 
7 
2 
per  cent 
72 
8O 
2O 
25 
13 
88 
25 
In each instance 0.05 cc. of immune serum, 0.1 cc. of culture, and 0.2 mg. of 
the respective lipid were injected. 
antibody of immune horse serum, it must be assumed that the added 
lecithin has produced this effect in some other manner.  In chemical 
studies it was found that the addition of lecithin to a reacting mixture 
of immune  horse serum and  specific capsular polysaccharide greatly 
diminishes the amount of cholesterol adsorbed on the immune precipi- 
tate.  In these combinations, therefore, the action of the lecithin is an 
indirect one, since it simply tends to block the fixation of the added 
inhibitor,  cholesterol. 
These results indicate that the lipids affect protection through their 
participation  in  the  antigen-antibody  reaction  either  directly  or 
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properties of the sensitized pneumococci  in such a manner as to render 
them less readily phagocyted, and thereby inhibit the protective action 
to be expected from the immune serum. 
In order to approach this possibility directly, studies were carried out 
upon the rate of phagocytosis of sensitized pneumococci as influenced 
by lipids.  The results of these experiments are shown in Table III. 
Each figure represents the average of determinations on three or more 
mice. 
From these results it will be noted that with immune horse serum 
both cephalin and cholesterol caused a marked inhibition of phagocy- 
TABLE  IH 
Effect  of Added  Lipids  on the Rate  of Phagocytosis  of Sensitized  Pneumococci 
Each mo~se received OAcc, Type I  pneumococcus broth 
culture plus the following reagents 
0.05 cc. immune  horse serum ....................... 
"  ....  "  "  +  0.4 rag. cholesterol... 
"  "  "  "  "  +  "  "  lecithin ..... 
"  "  "  "  "  +  "  "  cephalin ...... 
..... '  rabbit  "  ....................... 
"  "  "  "  "  +  0.4 rag. cholesterol .... 
..........  +  ....  lecithin ....... 
..........  +  ....  cephalin ...... 
Censactive I Pneumococci intracellular 
phagocytes [~  ---- 
dur~hrg  " 1st  1 hr.  2 hrs.  4 hrs. 
per cent  per ce~  per ce~ 
11  }  39  36  97 
8  .  I  2  13  51 
9  30  22  87 
2  10  8  67" 
13  40  69  100 
14  7  64  98 
10  21  48  96 
10  9  30  88 
tosis as judged not only by the number of cells active as phagocytes 
but also by the intraceUular disposition of the pneumococci.  With 
immune rabbit  serum neither of these lipids produced a  significant 
alteration in the phagocytic rates. 
DISCUSSION 
These findings demonstrate that added lipids affect the protective 
action of antipneumococcus serum by direct or indirect participation 
in the process of specific sensitization of the microorganism by the 
antibody of immune serum.  Thus the result depends not only upon 
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antigen-antibody complex as well.  It has been found by chemical 
studies  that  when  the antipneumococcus antibody from  the  horse 
combines with the specific capsular polysaccharide, there occurs an 
adsorption of cholesterol and cephalin, but that with the antibody from 
the rabbit, cholesterol and lecithin are adsorbed.  In the present paper 
it has been shown that the addition of cholesterol and of cephalin 
blocks the protective action of antipneumococcus horse serum but 
does not materially affect the protective action of antipneumococcus 
rabbit serum.  In the latter instance cephalin is not effective, since it 
does not enter into the reaction.  The negative effect of the cholesterol 
is undoubtedly offset by the antagonistic action of lecithin which does 
participate. 
These findings have a direct bearing on a second problem.  Amounts 
of horse serum, in excess of a definite optimum, fail to protect mice. 
This phenomenon, which has been termed the protective prozone, is 
not obtained with antipneumococcus rabbit serum.  In previous work 
it was shown that this prozone effect was in a measure conditioned by 
the nature of the antibody and also partly by some secondary com- 
ponent of the immune serum, possibly lipid in  nature.  The present 
results offer an  explanation  for  the prozone phenomenon, for it  is 
obvious that increasing the volume of serum not only gives an added 
amount of antibody, but also increases the lipid available for adsorp- 
tion.  The fact  that  the  prozone phenomenon occurs with the im- 
mune serum of one species and not with that from another is expli- 
cable on the basis of selective lipid adsorption. 
SUMMARY 
1.  The addition of small amounts  of cholesterol and of cephalin 
reduces markedly the protective action of antipneumococcus horse 
serum. 
2.  These lipids do not affect  the protective action of antipneumo- 
coccus rabbit serum. 
8.  These findings may be explained (a) by the selective adsorption of 
lipid on the antigen-antibody complex, and  (b)  by  certain lipid an- 
tagonisms. 
4.  The failure of large amounts of jmruune horse serum to protect 
mice  against  pneumococcus infection is  explicable  on  the  basis  of KENNETH GOODNER AND  FRANK L,  HORSFALL~ JR.  383 
selective participation of lipids dependent upon the species from which 
the antibody is derived. 
5.  The lipids modify the results of protection  tests  only  through 
participation  in the process of specific sensitization. 
BIBLIOGRAPHY 
1.  Goodner, K., and Horsfall, F. L., Jr., J. Exp. Med., 1935, 62, 359. 
2.  Goodner, K., and Horsfall, F. L., Jr., J. Exp. Med., 1936, 64, 369. 
3.  Goodner, K., and Miller, D. K., J. Exp. Med., 1935, 02, 375. 
4.  Horsfall, F. L., Jr., and Goodner, K., J. Exp. Med., 1935, 62, 485. 
5.  Horsfall, F. L., 3r., and Goodner, K., J. Exp. Med., 1936, 64, in press. 
6.  Dvgkwitz, R., Ergebn. Physiol., 1931, 32, 821. 